Using Microbial Source Tracking Techniques to Identify Fecal Indicator Bacteria in the
Horse Creek Watershed in Aiken, SC
Pamela W. Steen, Ph.D., Paul Thomas, and S. Michele Harmon, Ph.D.
Biology and Geology Department, University of South Carolina Aiken
Introduction
The presence of fecal pollution in water bodies is a
significant health concern.
Contamination can result in
infectious disease outbreaks and ultimately death. In 2005,
the Environmental Protection Agency (EPA) released a report
which concluded that the Total Maximum Daily Load (TMDL)
present in Horse Creek exceeded the determined water quality
standard. Wildlife, grazing animals, failing septic systems, and
urban nonpoint sources were listed as potential sources of
fecal coliforms.
However, not all fecal coliforms are from fecal
contamination. Many are actually common contaminants from
nonfecal sources. Therefore, our lab initiated a study to
determine if fecal contamination was present in the Horse
Creek watershed.

Figure 2: In 2011,
our lab sampled at
four sites in the
upper part of the
Horse
Creek
waterway (red dots)
to determine which
areas
had
the
highest level of total
coliforms.
In 2012, an
additional two sites
(yellow dots) were
included in the study
to determine which
areas
had
the
highest level of fecal
coliforms.

Aim 2

Results

Determine if fecal indicator bacteria, such as
Escherichia coli, are present in the Horse Creek
waterway

Bacteria that grow and fluoresce in E. colispecific media were collected at all
sampled sites

Methods
Step 1: Water samples were incubated in E. colispecific media that contains the substrate MUG. E. coli
contains the enzyme β-glucuronidase, which converts
MUG into a fluorescent product.

Step 2: Isolates were analyzed for the presence of the
uidA gene. E. coli isolates contain the uidA gene.

Results

Step 3: Since E. coli and Shigella spp. are genetically
similar, isolates were also analyzed for the presence of
the LacY gene, which is not present in Shigella spp.

Samples in MUG EC broth
A: Escherichia coli (+ control)
B: broth only (- control)
C: Enterobacter aerogenes (- control)
Figure 4: All cultures were examined for
fluorescence under an UV light (366nm).
Positive fluorescence suggests the presence
of E. coli.
Isolates were collected from
fluorescent cultures and examined for
molecular markers (e.g. uidA and LacY
genes).

Isolates that contain both the uidA and
LacY genes were collected at all
sampled sites

Culture screen: Each month surface water samples were
collected at several sites in the Horse Creek waterway. All sites
were sampled on the same day. Water samples were placed
into sterile containers and taken back to the lab.
Three milliliters of sampled water were placed into
fermentation tubes containing MUG EC broth (Sigma). Samples
were incubated at 44oC overnight. Cultures were checked for
fluorescence using an UV light.
Figure 1: Several sites in the lower part of the Horse Creek
waterway and one site near Aiken city were sampled by the EPA
(indicated with red dots). Excessive numbers of fecal coliforms
were present at each sampling site.

Gram staining and analysis of molecular markers:
Fluorescent cultures were used to obtain isolates. E. coli is a
Gram-negative rod. Therefore, isolates were Gram-stained to
confirm the presence of Gram-negative rods. From these
isolates, genomic DNA was recovered using GenElute Bacterial
Genomic DNA kit (Sigma). Reported primers designed against
the uidA and LacY genes were used to identify isolates as E.
coli (Table 1). PCR was performed as reported in the literature.

Hypothesis
Coliforms present in the Horse Creek waterway
are the result of fecal contamination.

Summary & Conclusions
• The results from culture screening experiments,
combined with analysis of specific molecular
markers, strongly suggest the presence of E. coli
at multiple sites in the Horse Creek waterway.

Aim 1
Identify sites, upstream in the Horse Creek
waterway, that have the highest level of total
coliforms and fecal coliforms

• Identification of control and environmental
isolates has been confirmed using Biolog analysis.

Methods
Coliform test: Each month surface water samples were
collected from sites in the Horse Creek waterway. All sites were
sampled on the same day. Water samples were placed into
sterile containers and taken back to the lab.
One milliliter of sampled water was placed onto a 3M
PetriFilm plate. Plates were incubated at 37oC for total coliform
counts and 44oC for fecal coliform counts. Plates were incubated
overnight and were done in triplicate. Colony forming units (cfu)
were recorded for each plate.

Figure 5: Isolates that were positive for both the uidA gene
(167bp) and the LacY gene (101bp) were identified as E. coli.

• These
findings
demonstrate
that
fecal
contamination is present within the Horse Creek
waterway and its tributaries.
Figure 3: (A) Throughout 2011, the highest levels of total coliforms
were consistently observed at the Sand River sampling site, which
receives most of the runoff from Hitchcock Woods and the north
side of Aiken. (B) Consistent with 2011 data, the highest levels of
fecal coliforms were detected in the Sand River tributary.

Future Experiments
Biolog analysis: The Gen III MicroPlate analyzer (Biolog) was
used to confirm the identity of control isolates (Escherichia coli
and Shigella sonnei) and environmental isolates obtained from
sampled sites.

• Determine host-specificity of the E. coli
isolates to identify the source as either human or
animal

